The present longitudinal multi-cohort study examines whether interindividual variability in cognitive performance and change increases in old age, and whether associations among developments of different cognitive functions increase with adult age. Multivariate multiple-group latent growth modeling was applied to data from narrow cohorts separated by five years of age. Tests assessing episodic recall, semantic knowledge, semantic fluency, and visuospatial ability were administered to 1000 non-demented adults (initially aged 35-80 years), participating in the Betula Project at three occasions over a 10-year period. Greater interindividual differences in change were noted in older age groups. Age-related increases in correlations among performance scores were noted for different cognitive measures beginning in old age, but not earlier. Our study supports a dynamic view of dedifferentiation of cognitive aging.
Age-comparative analyses of the relations between changes in multiple cognitive domains are almost absent from the developmental literature (for review, see Baltes, Lindenberger, & Staudinger, 2006) . Particularly with respect to intellectual development, previous studies have generally examined cognitive changes within a single cohort. In contrast, the present report compares the magnitude and structure (variances and correlations) of cognitive change across different age cohorts (see also Anstey, Hofer, & Luszcz, 2003a) . Our two main predictions are that (a) there are increasing interindividual differences with age in rates of change in cognitive abilities and (b) how individuals change in one cognitive ability is increasingly related to the ways they change in other cognitive abilities with advancing age. To test these predictions, we applied multivariate, multi-cohort latent growth modeling (LGM) to three-occasion, tenyear longitudinal data covering four cognitive abilities.
Prior research has reported interindividual differences in cognitive changes in midlife to old age (Hultsch, Hertzog, Dixon, & Small, 1998; Lövdén et al., 2004; Wilson et al., 2002) . We examined whether interindividual differences in different cognitive abilities increase with age because interindividual differences in change are a prerequisite for testing the second hypothesis. If rearrangement of rank-ordering does not occur, then correlations do not change.
An important question in cognitive aging research concerns age differences in the multivariate structure, or dimensionality, of cognitive changes (e.g., Allen et al., 2001; Hofer & Sliwinski, 2001; Lindenberger & Baltes, 1994; Rabbitt, 1993) . Here, the crucial task is to assess age differences in the degree of commonality among changes in different cognitive abilities; that is, the degree to which changes in a single cognitive ability are associated with changes in other abilities. Two strands of research provide key empirical evidence on this topic. First, results from several longitudinal studies indicate that correlations among changes in different cognitive abilities are of moderate to high magnitude in samples of older individuals (Anstey, Hofer, & Luszcz, 2003b; Hertzog, Dixon, Hultsch, & MacDonald, 2003; Hultsch et al, 1998; Lövdén et al., 2004; Wilson et al., 2002 ; but see Lövdén, Bergman, Adolfsson, Lindenberger, & Nilsson, 2005; Sliwinski, Hofer, & Hall, 2003) . These substantial correlations indicate commonality in rates of change, but the lack of unity indicates unique changes across cognitive functions in old age. Second, evidence of dedifferentiation, that is, an increase in correlations between levels of cognitive performances as a function of adult age (i.e., Balinsky, 1941 ; see also Baltes & Lindenberger, 1997; Hofer & Sliwinski, 2001; Li et al., 2004; Li & Schmiedek, 2002) , indicates correlated developmental changes. Specifically, given that interindividual differences in cognitive aging are present, rank ordering of individuals' performance levels should be more strongly determined by aging-related variance in samples of older adults than in samples of younger adults. Accordingly, if age-related changes in different abilities are associated, the correlation among levels of performance on different abilities should increase as a function of age. In other words, comparing correlations among cognitive performance levels across age groups indirectly speaks to whether age-related changes in different cognitive abilities are associated (Hofer & Sliwinski, 2001) .
Two types of dedifferentiation can be distinguished: dynamic and stationary dedifferentiation . The notion that an ensemble of common sources increasingly dominates development of intellectual abilities is a cornerstone of the dynamic dedifferentiation hypothesis. Such sources might point to normative and generalized neuroanatomical and neurochemical decline occurring in, but not before, old age (Raz et al., 2005) . Dynamic dedifferentiation may also be observed when increasing proportions of individuals are afflicted by impairments separable from normal aging such as terminal decline (e.g., Singer, Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003) and dementia (Sliwinski et al., 2003) .
Distinguishing between the dynamic view and the stationary view will inform cognitive aging theories about the generalizability of biological mechanisms that explain within-person changes in cognitive functioning in younger and later adulthood. Interindividual differences in cognitive change should be higher in very late life, at a time when non-normative sources of heterogeneity (e.g., preclinical dementia, terminal decline) override normative age-related change. Because interindividual differences in change are a prerequisite for dedifferentiation at the level of interindividual differences, age-related or non-linear increases in variances would be in line with the dynamic dedifferentiation hypothesis (especially if variances in change are very small to non-existent in samples of younger adults).
1 To emphasize, if interindividual differences in change are very small or non-existent in groups of younger adults, then higher correlations among cognitive abilities as a function of advancing age cannot occur in younger adulthood. The stationary view of dedifferentiation (similar associations among changes in old age as in younger adulthood) would be represented by age-invariant correlations among changes in different cognitive abilities and by linear increases in correlations among levels of performances on different abilities.
The evidence for age-related dedifferentiation examined through age-related differences in correlations among levels of performances in different abilities is inconclusive. Whereas some studies have found age differences in correlations between cognitive variables (e.g., Baltes & Lindenberger, 1997; Hultsch et al., 1998) , others have found no change in the correlations among manifest variables (Zelinski & Stewart, 1998) or latent variables (Zelinski & Lewis, 2003) with age. Furthermore, using 3-year longitudinal data, Zelinski and Lewis (2003) found no structural differences (i.e., invariance in factor loadings, covariances, and variances) on latent cognitive variables. Similarly, Anstey et al. (2003a) failed to find consistent patterns of longitudinal dedifferentiation. Schaie, Maitland, Willis, & Intrieri (1998) found a seven-year longitudinal increase in the covariances only for the oldest-old.
In this study, we made use of three-wave (10-year) longitudinal data from the Betula Project . At first assessment, this study contained a sample of 1,000 participants, 100 in each of ten cohorts (35, 40,…, and 80 years old). Thus, the study includes the desirable feature of having sampled sequential narrow cohorts. Specifically, covariances among age-related variables in cross-sectional samples are influenced by average age-related differences, initial individual differences, and individual differences in rates of aging. An alternative approach to age-heterogenous crosssectional and longitudinal designs is the sequential narrow-age cohort (SNAC) design that consists of sequential cohorts of individuals of nearly the same chronological age (Hofer & Sliwinski, 2001; Hofer, Sliwinski, & Flaherty, 2002) . To the extent that aging processes are captured by differences and changes in chronological age, the SNAC design allows for rigorous examination of differences in covariances across different age groups because the mean trends are not confounding the covariances. Specifically, if the groups were age-heterogeneous, correlations among cognitive abilities would be inflated owing to the common association with age. In the present context, the SNAC design is also advantageous because it allows a finegrained examination of almost continuous differences in correlations and variances across the adult lifespan.
Utilizing cross-sectional data from the Betula study, Nyberg et al. (2003) demonstrated structural stability of declarative memory in young and old adults and also reported that a four-factor model solution had a better fit than a two-factor model solution involving measures of episodic memory (recall and recognition) and semantic memory (fluency and knowledge). Configural (same pattern of factor loadings) and metric (same magnitude of factor loadings) invariance over age for this model has been supported in both cross-sectional (Nyberg et al., 2003) and longitudinal Lövdén et al., 2004) data. In this study, we examine variances and covariances among measures of recall, fluency, and knowledge. The selection of specific measures of these constructs were based on satisfactory psychometric properties (e.g., reliability, distribution) and longitudinal availability of the measures (cf. Rönn-lund, Nyberg, Bäckman, & Nilsson, 2005) . In addition, we included a marker of visuo-spatial ability (Block Design).
Further recent longitudinal investigations from the Betula Study reported 5-year mean-level stability of episodic memory up to age 60 years, and improvement of semantic memory up to 55 years of age after controlling for practice effects (Rönnlund et al., 2005) . The differential aging patterns suggest that multiple sources may affect these factors, or that the factors have a different association to a common age-related factor. Tentative support for a small increase in the correlation between episodic and semantic memory in a short (5-year) measurement interval has been reported in adults aged 60 to 80 years , suggesting that dedifferentiation of declarative memory may reside at some point after midlife.
In line with the findings of Schaie et al., and in line with the dynamic dedifferentiation hypothesis, we expected no or weak patterns of dedifferentiation before old and very old age. Specifically, based on findings suggesting that terminal decline and preclinical dementia is associated with general declines across abilities (e.g., Singer et al., 2003; Sliwinski et al., 2003) and given that these sources of cognitive aging increase exponentially over age, we expected stronger associations among cognitive changes in older than in younger adulthood. We assumed that cognitive skill levels would essentially merge in very old age, and previous divisions between relative strengths and weaknesses in abilities would eventually dissolve.
We analyzed four cognitive measures with a multivariate multi-cohort (i.e., age-group) LGM. Theoretical and methodological features of the selected cognitive constructs make them valid for addressing the dedifferentiation hypothesis: (a) They have differential longitudinal trajectories (i.e., stability of episodic memory up to age 60 years, and improvement of semantic memory into midlife), and (b) construct validity has been previously documented (i.e., four distinct declarative memory subsystems). With the LGM approach, we can produce the estimates of interest for this study: (a) interindividual differences in changes of performance as a function of age group (i.e., age differences in slope variances), (b) correlation among changes in performance for different cognitive abilities as a function of age group (i.e., age differences in correlation among slopes), and (c) correlations among levels of performance as a function of age groups (i.e., age differences in intercept correlations). In line with the dynamic dedifferentiation hypothesis, we predicted increasing interindividual differences and increasing correlations in, but not before, old age.
Methods

Participants
Participants were drawn from Sample 1 (S1) of the Betula Project (Nilsson et al., 1997 . All participants of the Betula Project were drawn from the population registry in Umeå, a city in northern Sweden, with 100,000 inhabitants. Participants were tested over a 10-year (3-wave) period at 5-year intervals (Time 1: T1 1988 -1990 Time 2: T2 1993 Time 2: T2 -1995 Time 3: T3 1998 Time 3: T3 -2000 . Participants were screened for dementia before inclusion into the study.
At T1, the sample consisted of 1000 participants, 100 in each of ten cohorts (35-, 40-,…, and 80-year-olds). At T2, the sample was reduced to 850 participants. Of those who had dropped out at T2, 52 participants were deceased, 28 were demented, and 70 had dropped out for experimental reasons (i.e., they refused to participate, moved, were ill, not available, or had missing values on all variables central to this study). At T3, the sample consisted of 649 individuals. Of those who had dropped out at T3, 166 participants were deceased, 49 were demented, and 136 had dropped out for experimental reasons. The way this dropout is handled in the analysis is outlined in the Statistical Procedures. For this study, we partitioned the sample into five age groups, 35-40, 45-50, 55-60, 65-70 , and 75-80 years old at T1.
After a complete description of the study to the participants, written informed consent was obtained.
Procedure and measures
At all three occasions, the measures were obtained during two test sessions, each lasting for 1.5 to 2 hours for each participant. The first session consisted of health examinations and questionnaires. The second session included an extensive battery of cognitive tasks. We examine measures of recall (3 tasks), fluency (3 tasks), knowledge (1 task), and visuospatial ability (1 task). By standardizing each individual measure, summing the measures for each factor separately, and standardizing the sums to the T-metric, we formed four unit-weighted composites to use in the analyses. The 35-to 40-yearolds' Ms and SDs at T1 provided the reference for all standardizations.
Block design
The obtained raw scores from the WAIS Block Design test (Wechsler, 1991) were used to measure visuospatial ability. In this speeded task, participants were required to place red and white blocks such that they formed the same pattern shown on a target paper. The ten-year test-retest correlation of this measure was .79 for the youngest group, indicating a satisfactory lower reliability boundary.
Episodic recall
In the study phase, each participant was presented with two consecutive lists of imperatives (e.g., roll the ball) presented at the rate of 8 s/item. The nouns in the sentences were derived from eight semantic categories, with four items in each category. During the study phase of one of the lists, participants were requested to perform the action described by the imperatives, using an object corresponding to the noun (enacted condition). The first measure of recall was a free recall test that followed after each list, and the performance score was the number of sentences (correct verb and noun) recalled in the enacted condition. After the free recall test, participants were given the eight category names, which were used as cues to remember the nouns. The second and third measures of recall were the number of nouns (cued)recalled from the enacted and non-enacted conditions, respectively. The ten-year test-retest correlation of the composite of these three measures was .67 for the youngest group.
Semantic fluency
Three fluency tasks were administered in which the participants were instructed to generate aloud as many words as possible in one minute. The differences in the tasks concerned the category of words to be generated. The first task was to produce words beginning with the letter A. The second task required generation of words beginning with M and containing five letters. The third task was to produce professions beginning with the letter B. The ten-year test-retest correlation of the composite was .65 for the youngest group.
Semantic knowledge
The knowledge measure was derived from a 30-item multiple-choice synonym test (Dureman, 1960) . Participants selected a synonym for each target word from five alternatives. The total number of correctly selected synonyms in seven minutes yielded a measure of verbal knowledge. The ten-year test-retest correlation of this measure was .79 for the youngest group.
Statistical procedures
We analyzed the data with structural equation modeling and, specifically, with multivariate multi-cohort LGM. A univariate LGM (McArdle & Epstein, 1987; Meredith & Tisak, 1990; Raudenbush & Bryk, 2002) proposes two latent variables, an intercept and a slope, to account for the longitudinal time series information. In this application, the loading of the observed measure on the slope factor was set to 0 at T1 and the loading at T3 was set to 10 to capture the ten-year study period. Thus, the intercept represents an individual's latent score at the beginning of the time series (i.e., at T1) and the slope represents change scores. At T2, the loading was freely estimated so that the shape (e.g., linear, quadratic) of change could be freely estimated. Thus, the variance in the slope factor refers to deviations from the typical mean trend for the group. As compared to the more common procedure of estimating explicit polynomials, this free-basis loading approach reduces differences between groups in the fit of the average shape of change. Thus, any biases in variances of change across age groups are minimized. Both intercept and slope factors are estimated at the population level (i.e., their means are estimated), both allow for interindividual differences (i.e., their variances are estimated), and they are free to covary. The error variances are commonly assumed neither to correlate with themselves nor to change over time. Fig. 1 displays a graphical representation of the multivariate LGM implemented in this study. The model depicted in Fig. 1 was estimated as a multigroup model of five age groups (i.e., 35-40, 45-50, 55-60, 65-70, and 75-80 years old) to examine the parameter estimates as a function of age group. We employed full information maximum likelihood (FIML; Arbuckle, 1996) . FIML uses all available data points and results in more exact and less biased estimates than other common ways of dealing with missing values (e.g., listwise deletion, regression imputation, mean imputation; e.g., Schafer & Graham, 2002; Wothke, 2000) . The FIML algorithm assumes missing-at-random (MAR: Rubin, 1974; see Schafer & Graham, 2002 , for a nontechnical treatment), which means that the probability that a score on X is missing may depend on other variables but not on X itself. An association between missing data and X stemming from the mutual association to the other variables in the model is also allowed, but no residual relationship between missing data and X is allowed once the other variables are taken into account. The FIML procedure provides accurate estimates when the MAR assumption is met by including satisfactory predictors of missing data in the model. In longitudinal applications like the present one, levels of performance and observed change are powerful predictors of future participation. Thus, although not directly testable, the assumption is appropriate in the context of the present study.
We utilized AMOS 5.0 (Arbuckle & Wothke, 1999 ) for all computations. The alpha-level for all statistical decisions was .01 and the difference in χ 2 fit statistics (Δχ 2 ) was used to compare nested models. Model fit was evaluated with the following fit indices: χ 2 /df, Comparative Fit Index (CFI), and Root Mean Square Error of Approximation (RMSEA) (see Kline, 1998 , for interpretation of these indices).
Results
We estimated the multivariate (recall, Block Design, fluency, and knowledge) LGM depicted in Fig. 1 as a multi-group (age-group) model. Several of the variances in change were negative (recall and Block Design: 35-to 40-year-olds; recall: 45-to 50-year-olds; and recall: 55-to 60-year-olds). Because the fit of the model was acceptable, the confidence intervals of these negative estimates included 0, and the standard errors were about the same size as those for the other estimated variances, we treated the negative sign as a value of 0 (Dillon, Kumar, & Mulani, 1987) . Thus, we fixed these variances to zero, which provided an acceptable starting model, χ 2 = 257.32, df = 194, p = .002, CFI = .990, RMSEA = .018. Fig. 2A shows the estimates of the intercept variances as a function of age group and cognitive variable. To address whether the intercept variances differed across age groups we specified a model assuming the variances to be equal across age groups (but allowing them to differ across measures). This model fit the data significantly worse than the starting model, χ 2 = 306.21, df = 210, p b .001, CFI = .985, RMSEA = .021; Δχ 2 = 48.88, df = 16, p b .001. We followed this omnibus test with univariate tests, by constraining the variances across age groups for one measure at a time and then comparing the fit of these models with the starting model. These tests resulted in a decrease in fit for knowledge, Δχ 2 = 14.71, df = 4, p b .01, and verbal fluency, Δχ 2 = 14.96, df = 4, p b .01. However, the decrease in fit for fluency was driven by higher variances for the 55-to 60-year-old group, since a model that estimated this variance but constrained the other variances across age groups did not reduce the fit, Δχ 2 = 0.06, df = 3, p N .98. For Block Design and recall, the univariate tests did not produce any loss in fit, Δχ 2 = 7.81, df = 4, p N .09, and Δχ 2 = 4.17, df = 4, p N .38, respectively. To summarize, the variances in level of performance show no systematic differences across age groups for verbal fluency, recall, and Block Design, whereas they increase for knowledge. Fig. 2B displays the estimates of the correlations among the intercepts as a function of age group and cognitive variable. An inspection of this figure suggests higher correlations in the 65-to 70-and 75-to 80-yearold groups relative to the younger groups, but no agerelated differences for the younger groups. To test this observation we fixed the variances in the intercepts to equality across groups and then compared a model with the covariances freely estimated against more constrained models. This procedure was used to test standardized covariances. Setting the intercept covariances to equality across the three younger age groups (35) (36) (37) (38) (39) (40) (45) (46) (47) (48) (49) (50) , and 55-60 years old), but allowing them to differ across measures, did not produce any loss in fit, Δχ 2 = 7.39, df = 12, p N .80. We followed this omnibus test with univariate tests, which did not reveal any significant differences, all Δχ 2 b 3.39, df = 2, p N .18. Thus, there were no age-related differences in the correlations among the three younger groups. However, a model assuming all covariances to be equal across all groups (but differing across measures) fit significantly worse than both the model specifying equal covariances among the three younger groups, Δχ 2 = 44.79, df = 12, p b .001, and the model with freely estimated covariances, Δχ 2 = 52.18, df = 24, p b .001. We followed these omnibus tests with univariate tests of constrained covariances across all groups compared with the model freely estimating the covariances. There was a significant age-related difference in the covariances for four (r fluency, knowledge , r recall, fluency , r Block Design, knowledge , and r recall, knowledge ) of the six covariances, all Δχ 2 N 12.56, df = 4, all ps b .01. For the other two covariances (r Block Design, fluency and r Block Design, recall ), all Δχ 2 b 6.50, df = 4, ps N .17. Thus, the results show higher correlations among several cognitive variables in the 65-to 70-and 75-to 80-year-old age groups relative to the younger age groups. Finally, we estimated a model assuming all covariances to be equal across the two oldest age groups (but differing across measures). This model fit significantly worse than the model with freely estimated covariances, Δχ 2 = 17.81, df = 6, p b .01. Univariate tests showed that the covariance between fluency and knowledge increased from 65-to 70-year-olds and 75-to 80-year-olds, Δχ 2 = 10.16, df = 1, p b .01. There were trends (p b .05) for age-group differences for three other covariances (r recall, fluency , r Block Design, recall , and r recall, knowledge ), all Δχ 2 N 4.23, df = 1, p b .04. For all other covariances, Δχ 2 b 2.23, df = 1, p N .13. In summary, the results show higher correlations among several cognitive variables in the 65-70 and 75-80 year-old age groups relative to the younger age groups, but no age differences among the younger groups. Fig. 2C depicts the estimates for the slope variances as a function of age group and cognitive variable from the starting model. The majority of the variances were non-significant, which makes statistical comparisons across age groups redundant. The only significant slope variances were for knowledge (35-40 year olds), recall (65-70 and 75-80 year olds), and fluency (75-80 year olds); all ps b .05. Interindividual differences in change tend to increase in old age, but could not be detected for the majority of the measures and age groups.
Intercept variances
Intercept correlations
Slope variances
Slope correlations
We do not report the results for the correlations among the slopes because the only empirically identified correlation was between fluency and recall in the 75-to 80-year-olds. That is, this correlation was the only one that could be estimated. All other slope-slope combinations involved variables displaying non-significant variances in change, thus, they were constants. Fig. 3 displays the implied means as a function of age group for Block Design (Fig. 3A) , recall (Fig. 3B) , verbal fluency (Fig. 3C) , and verbal knowledge (Fig. 3D) as estimated with the starting model. The means provide information on the estimated mean shape of change and the magnitude of change for each of the age groups and measures. Especially relevant in this context, longitudinal average decline is greater in the older age groups than in the younger age groups. Though this pattern appears less pronounced for the initial cross-sectional differences, the mean age trends might be more pronounced in the old age groups. Thus, there is a slight possibility that the mean trends could contribute to the age-related increase in the correlations among the intercepts (i.e., the groups are not perfectly age homogenous), although each of the groups includes individuals within the same age range. We performed a control analysis, statistically controlling for chronological age by regressing the intercept factors on age, and examining the pattern of correlations among the intercepts as a function of age. This analysis revealed a substantively identical pattern of findings as those reported above (see Intercept Correlations).
Means
Effects of dementia and death
To address the possibility that dementia or death during the 10-year course of the study may have influenced the findings, these cases (dementia: n = 49; died: n = 117) were removed from the total sample (N = 1000). We re-estimated the multivariate LGM depicted in Fig. 1 as a multi-group model, with the reduced sample (n = 785) providing the data. Several of the variances in change were negative (recall and Block Design: 35-to 40-year-olds; recall: 45-to 50-year-olds; recall: 55-to 60-year-olds; recall and fluency: 65-to 70-year-olds; and knowledge: 75-to 80-year-olds). Again, we regarded the negative signs as indicating true estimates close to zero (Dillon et al., 1987) and fixed these variances to zero, which resulted in an acceptable starting model, χ 2 = 223.63, df = 197, p = .094, CFI = .995, RMSEA = .013. Fig. 4 displays the estimates of the intercept variances (Fig. 4A) , intercept correlations (Fig. 4B) , and the slope variances (Fig. 4C) from this model as a function of age group. In general, these figures reveal patterns of findings that are very similar to those emanating from the analyses of the total sample ( Fig. 2A-C) . Specifically, (a) the intercept variances show age-related increases for knowledge only, (b) the correlations tend to be higher in the two oldest age groups for most of the six correlations, and (c) the variances in slopes tend to increase in the oldest age group as compared to the younger age groups.
We estimated models to examine whether the estimates from the model based on the reduced sample (i.e., excluding participants with impending death or dementia) differed from the corresponding estimates for the total sample. A model, estimated with the data from the reduced sample, and assuming the intercept variances to be equal to the variances for the total sample, did not fit the data significantly worse than the starting model, χ 2 = 228.10, df = 217, p = .289, CFI = .998, RMSEA = .008; Δχ 2 = 4.48, df = 20, p N .99. To examine potential differences in the covariances, we first fixed the variances in the intercepts to equality across groups and then compared a model with the covariances freely estimated against more constrained models. Feeding the model with the estimates of the covariances from the total sample did not reduce the fit relative to the model freely estimating the covariances, Δχ 2 = 16.08, df = 30, p N .98. Finally, we note that all of the slope variances were nonsignificant and the variances in the old age groups tend to be somewhat reduced as compared to the total sample. However, feeding the model with estimates from the total sample did not reduce the fit as compared to a model freely estimating the slope variances, Δχ 2 = 25.61, df = 16, p N .06.
In summary, the pattern of estimates for the sample that did not include impending death or dementia during the study was similar to those from the total sample.
Discussion
The two main results of this study are that correlations among levels of performance in different cognitive functions increase in, but not before, old age (over 65 years), and that interindividual differences in change could only be detected in old age. The results are more consistent with dynamic dedifferentiation (i.e., progressively increasing correlations among cognitive changes) than with stationary dedifferentiation (constant increases of associations among cognitive changes) over the adult lifespan.
Dynamic dedifferentiation in late life would be supported by age-related (a) increases in the correlations between levels of performance on cognitive abilities, (b) by increases in correlations among cognitive changes, and (c) by higher interindividual variability in change in the older age groups. Age-related increases in variances in change support the dynamic dedifferentiation hypothesis because between-subject differences in change are a necessary condition for associations among cognitive changes and increases in correlations among levels of cognitive functioning. That is, if rearrangement of rank ordering does not occur over time or across age groups, then no changes in correlations can be observed. In this study, interindividual differences in rates of cognitive aging begin to increase from middle adulthood onward for recall and from early old age to later old age for fluency and knowledge. The estimates of interindividual variances in change among older age groups contrast with the patterns of consistently very low and non-significant estimates for the three younger groups. Thus, very little rearrangement of rank ordering of individuals occurs in younger adulthood. Therefore, correlations among cognitive performance levels cannot change much. Note, however, that recent simulation work with LGM (Hertzog, Lindenberger, Ghisletta, & von Oertzen, 2006) suggests that the power to detect variances in change is surprisingly low with the typical data sets from longitudinal studies on cognitive aging that contain relatively few assessments and moderately reliable measures. Thus, we are reluctant to endorse the null hypothesis of no interindividual differences in change in the younger age groups. Future research needs to address the amount of interindividual differences in change throughout the adult lifespan using more intensive, repeated measures designs.
Given the few significant variances in change, it was not possible to estimate their covariances. That is, the covariances among the changes (i.e., slopes) were not empirically identified because there were no variances in the slopes (i.e., they were constant over individuals). However, we could indirectly address the degree to which changes in the four cognitive measures were associated by evaluating the age-related pattern of increases in correlations among levels of performance; that is, if changes in different abilities are related, correlations between levels of functioning in different cognitive abilities should increase as a function of age. Specifically, rank ordering of individuals is more strongly determined by aging-related variance in samples of older adults than in samples of younger adults. Consequently, if cognitive changes in different abilities are correlated, correlations among levels of functioning in different abilities should increase as a function of age (Hofer & Sliwinski, 2001) . The results revealed a clear pattern of dedifferentiation with the median correlation among performance levels increasing from .52 in the youngest group to .74 in the oldest group. For four of the six individual correlations, age-group differences were significant. Thus, this study adds credibility to previous studies reporting increments in correlations among cognitive functions (e.g., Baltes & Lindenberger, 1997; Hultsch et al., 1998; Li et al., 2004) and extends these studies by revealing a pattern of dedifferentiation across sequential narrow age cohorts, thereby removing the possibility of mean age trends to bias the correlations in a positive direction.
Several studies have reported significant amounts of interindividual variances in cognitive change in samples of older adults (e.g., Anstey et al., 2003b; Hultsch et al., 1998; Lövdén et al., 2004; Wilson et al., 2002) . Conceptually, variances in change observed in longitudinal panel studies reflect at least two forms of heterogeneity: (a) heterogeneity in sample composition, or the presence of qualitatively separable populations of aging individuals within the same sample; and (b) heterogeneity in the timing of normative (e.g., population-general) change. For methodological and conceptual reasons, the demarcation lines between these two forms of heterogeneity tend to be blurred. Generally, dementia (e.g., Sliwinski et al., 2003) is said to contribute to sample heterogeneity (but see Drachman, 1994) , whereas between-person differences in change related to deficiencies such as prefrontal functioning and dopaminergic neuromodulation (see Buckner, 2004) may predominantly point to heterogeneity in timing (i.e., these changes are assumed to eventually afflict most members of the aging population, but to varying degrees and at varying ontogenetic time points). In the present study, significant interindividual differences in change were only noted when individuals developing dementia or dying within the tenyear course of the study were included in the analyses. Moreover, the numerical patterns of findings suggested reduction in variances in change when these individuals were removed. However, the estimates from the reduced sample did not differ significantly from the estimates from the total sample, suggesting that the dementia-and mortality-related cognitive changes are not the only sources of dedifferentiation. Future research needs to further examine the extent to which the patterns of covariance dedifferentiation and increases in betweenperson variances are due to heterogeneity in forms of aging (e.g., dementia versus normal aging) or to heterogeneity in the timing of population-general processes. Moreover, the extent to which dedifferentiation generalizes from the between-subject level to the intra-individual level is largely unknown.
To conclude, we examined the extent of interindividual differences in cognitive change and the extent to which changes in different cognitive functions covary. To this end, we applied multivariate multi-cohort LGM to data from sequential narrow cohorts. The results revealed higher correlations among performance levels in different cognitive measures in, but not before, old age, continuation of age-related increases of correlations among cognitive performance levels in old age, and greater interindividual differences in change in older age groups than in younger age groups. Taken together, and in line with original formulations of the dedifferentiation hypothesis (for review, see Baltes et al., 2006) , our results support a dynamic, rather than stationary, view of cognitive aging.
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